We present high resolution imaging of the low order (J = 1 and 2) CO line emission from the z = 3.93 submillimeter galaxy (SMG) MM18423+5938 using the Expanded Very Large Array, and optical and near-IR imaging using the Canada-France-Hawaii Telescope. This SMG with a spectroscopic redshift was thought to be gravitationally lensed given its enormous apparent brightness. We find that the CO emission is consistent with a complete Einstein ring with a major axis diameter of ∼ 1.4
INTRODUCTION
There is mounting evidence that large ellipical galaxies form the majority of their stars at early epochs (z > 1), and quickly (duration < 1 Gyr; Renzini (2006) ). Bright submillimeter-selected galaxies (SMGs; defined as S 850µm > 3 mJy) are an important galaxy population in this regard, likely representing a key star formation epoch with extreme starbursts thought to be driven by major mergers of gas-rich galaxies at high redshift Blain et al. 2002; Tacconi et al. 2008 ). The discovery of evolved galaxies at high redshift (z > 2; Daddi et al. 2005; Kriek et al. 2008; Toft et al. 2009; van Dokkum et al. 2008; Kurk et al. 2009; Collins et al. 2009; Williams et al. 2009; Kotilainen et al. 2009 ), as well as luminous SMGs at even higher redshifts (z > 5; Riechers et al. 2010; Capak et al. 2011 ) provides evidence for this early active star formation phase out to about 1 Gyr after the big bang.
The very bright SMG MM18423+5938 (S 1200µm = 30 ± 3 mJy) was discovered serendipitously at the IRAM 30m telescope with the bolometer array MAMBO (Lestrade et al. 2009 ).
Although no optical counterpart was known for MM18423+5938, its redshift z = 3.92960 ± 0.00013 was spectroscopically measured through the detection of several strong CO and CI emission lines with the wide spectrometer EMIR also at this telescope (Lestrade et al. 2010) . These line detections indicate a massive reservoir of molecular gas in a galaxy only 1.6 Gyr after the big bang. The observed CO ladder (CO(4-3), CO(6-5) and CO(7-6), CO(9-8) upper limit) peaks around J = 5, indicative of a starburst-powered SMG that is not dominantly excited by an active nucleus (AGN).
Recently, bright, strongly lensed SMGs have been discovered in large area surveys (Vieira et al. 2010; Negrello et al. 2010; Frayer et al. 2011) . Even compared to these, MM18423+5938 is very bright, and its well established redshift makes it a prime target for highresolution observations to study the cause of its high brightness, to understand its place in this emerging population, to verify the hypothesis that it is gravitationally lensed, and to study further the similarities of MM18423+5938 with the other very bright SMG SMMJ2135-0102 at z = 2.3 (S 850µm =106 mJy) which has been shown to be strongly lensed (Swinbank et al. 2010) .
In this Letter we report observations of the CO(1-0) and CO(2-1) line emissions in MM18423+5938 to 0.6 ′′ resolution using the Expanded Very Large Array (EVLA; Perley et al. (2011) ), as well as multicolor optical and near-IR imaging using the Canada-FranceHawaii Telescope (CFHT). These observations confirm that MM18423+5938 is lensed, providing a unique opportunity to study the gas dynamics on small physical scale with further high sensitivity and high spatial resolution EVLA observations. We use a concordance, flat Λ-CDM cosmology throughout, with H 0 = 71 km s −1
Mpc
−1 , Ω M = 0.27, and Ω Λ = 0.73.
OBSERVATIONAL DATA AND REDUCTIONS
2.1. Expanded Very Large Array Observations were made in the C configuration of the EVLA in December 2010. We targeted the CO(1-0) line (rest frequency = 115.271 GHz) at 23.38 GHz, and the CO(2-1) line (rest frequency = 230.538 GHz) at 46.76 GHz. A total bandwidth of 248 MHz was employed, with 124 spectral channels. Spectral imaging of the broad line of MM18423+5938 at high spectral resolution was made possible with the new capability of the WIDAR correlator of the EVLA (Perley et al. 2011 ). The total observing time was 2 hours at 23 GHz and 8 hours at 47 GHz. Dynamic scheduling was employed to ensure good atmospheric observing conditions. The phase calibrator was J1849+6705 and the switching cycle was 5 minutes (Carilli & Holdaway 1999) . The synthesized beam FWHM using robust weighting (R=1) in the AIPS data analysis software was 2.1" × 1.0" at 23 GHz, and roughly circular with FWHM = 0.6" at 47 GHz. The flux density scale was set by observing 3C48, but some observations at 47 GHz were made with the target source and 3C48 at very different elevations. We estimate an absolute calibration uncertainty at 47 GHz of ±20%, even with the nominal opacity correction made using the weather data (Butler 2010 Figure 1 (left panel) shows the CO(1-0) and CO(2-1) spectra. Both lines show a possible non-Gaussian tail towards lower velocities, so two components were fitted to both the CO(1-0) and CO(2-1) profiles. Line peak flux densities, line widths, mean velocities and velocityintegrated line fluxes I CO are in Table 1 . Figure 1 (right panel) shows the CO(2-1) emission integrated over the channels of the full line width (230 km s −1 ) at 0.6 ′′ resolution. The morphology is consistent with an Einstein ring interpretation. The ring is elliptical, with a major axis ∼ 1.4" and a minor axis ∼ 1.2". The J2000 coordinates of the ring center (geometric center of the inner hole) are α= 18h 42m 22.29s, δ = 59
• 38 ′ 29.5 ′′ ± 0.2 ′′ in the International Celes- 
CFHT Optical and Near-IR imaging
To identify the putative lensing galaxy, we carried out multi-band optical and Near-IR (NIR) imaging at the CFHT with the prime focus imagers, M egaCam and W IRCam respectively. The observations were completed in 2010 November, with total on-source integration times of 4.75h on MegaCam (6300s in i, 5400s in r, and 2700s each in g and z filters), and 0.58h on WIRCam (950s in K S , 840s in J, and 285s in Hbands). The median seeing during the optical imaging was 0".65 in the r-band, which was well sampled by the MegaCam pixel scale of 0".187; during the NIR imaging, the median seeing was 0".7 in K S -band, marginally sampled by the WIRCam 0".304 pixel scale. Standard calibrations were obtained and the data processed at CFHT with the Elixir and I ′ iwi v.2 pipelines. The skysubtracted dithered exposures in each filter were stacked using Swarp (Bertin et al. 2002) and MegaPipe (Gwyn 2008) . For obtaining consistent photometry in all passbands, the NIR images were re-convolved from 0".304 pixel scale to the MegaCam resolution of 0".187 during stacking of the dithered WIRCam images. Astrometric and photometric calibrations in the optical and NIR were carried out with Scamp (Bertin 2006) , against USNO-B1 ( Monet et al. 2003) , and 2MASS Point Source (Skrutskie et al. 2006) catalogs. The 2MASS positions are tied to the ICRS system via the Hipparcos Tycho reference frame to better than 0.2 ′′ (2MASS Explanetary Supplement Chap I, subsection 6b, paragraph ix). There are thirteen 2MASS sources in our full WIRCam image that have been used for this NIR-radio registration. The RGB color stamp images (Figures 2) constructed with optical gri filters, and the NIR JHK S bands, show a red galaxy (with ellipticity = 0.19) at α=18h 42m 22.27s±0.29 ′′ , δ = 59
• 38 ′ 29.6 ′′ ± 0.25 ′′ in the ICRS, ı.e. in the same coordinate system as our EVLA map. In the NIR (Fig 2, right ) , the detection significance is at 10σ in K S , and at ∼ 3σ in J and H bands. In the optical (Fig 2, left ) , the bright stellar halo from the two nearby ∼ 9 Vmag saturated stars led to significant background noise, and therefore to lower detection significances but nonetheless successful identifications in the i, g, r filters. The z filter was affected by fringing.
Given the low detection significances in the optical imaging, magnitudes were measured using Sextractor (Bertin & Arnouts 1996) in dual image mode, using the K S band image for object detection, while measuring the flux in matched apertures in all filters; for the optical filters, the WIRCam K S image was resampled to match the pixel scale of MegaCam. Further, we carried out photometry of the nearby galaxy at α = 18h 42m 22.52s ± 0.36 ′′ , δ = 59
• 38 ′ 33.17 ′′ ± 0.31 ′′ in the ICRS (lying 5 ′′ E of N of the putative lens, see Fig 2) expected to contribute to the lensing model. The foreground Galactic extinction corrected AB -magnitudes are in Table 2 (extinction E(B − V ) is 0.0462 ± 0.0009 at the source position in Schleger maps). Figure 3 shows an overlay of the CO(2-1) contour map of MM18423+5938 and the K S band image. The main lens galaxy is coincident with the geometric center of the ring. With the measured NIR and optical magnitudes, we used SED fitting in LePhare (Arnouts et al. 1999 ) to estimate a photometric redshift z phot ∼ 1.1, with a formal uncertainty of ±0.1, for the lens best fit with an early type galaxy template. No satisfactory fit was obtained for the North-East nearby galaxy mainly because the J magnitude did not match with the other bands. We built a preliminary lens model based on isothermal elliptical potentials for the two galaxies using the LENSTOOL Software (Kneib et al. (1996) , Jullo et al. (2007) ). This resulted in a quadruple image with the two brightest spots located at the two maxima of the CO(2-1) map, and yielded the total magnification factor m ∼ 12. The nearby galaxy contributes to the lensing model in making the ring slightly ellipitical as observed but its mass and redshift cannot be separated with our current data. Had we derived its redshift, we could have speculated whether or not the J band excess could be due to strong emission of its H α line. The physical scale probed in the source with the beam of our EVLA map is 0.6 ′′ × (7.1kpc arcsec −1 )/ √ m, i.e. 1.2 kpc with our first estimate of the magnification factor m.
ANALYSIS AND DISCUSSIONS
We revise the far-IR luminosity L F IR of MM18423+5938 given in Lestrade et al. (2010) since the strong Spitzer M IP S 70µm source, tentatively associated with MM18423+5938 then, has now a position that is discrepant by more than 5σ with the more accurate EVLA position newly found for MM18423+5938. The SED of the dust emission was modeled by a single temperature modified black-body function with the standard power law for the dust opacity, fitted to the available photometry at λ= 1.2, 2 and 3 mm given by Lestrade et al. (2010) and a 3-σ upper limit of 3 mJy at 70µm. We varied the opacity index over the range 1.0 < β < 2.0 and the temperature over 20 < T dust < 60 K that are plausible for SMGs (e.g. Magnelli et al. 2010; Ivison et al. 2010; Hwang et al. 2010; Chapman et al. 2010) , and found the range 2 × 10 13 m −1 < L FIR < 3 × 10 14 m −1 L ⊙ with a 95% confidence level, where L FIR is mostly the luminosity between λ ∼ 70µm and 3mm, and m is the magnification factor. Using the FIR to star formation rate conversion from Kennicutt (1998) , this luminosity corresponds to a range in star formation rate of 3300 m −1 < SF R < 22000 m −1 M ⊙ yr −1 . Recently, McKean et al. (2011) made a deep image at 1.4 GHz with the Westerbork array (WSRT) and detected MM18423+5938 at a position consistent with ours to within 1σ. They used the radio-FIR relation to infer an apparent luminosity L F IR = 5.6
13 L ⊙ consistent with our new estimate.
The velocity-integrated CO(1-0) flux density yields a luminosity L ′ CO(1−0) = 2.71 ± 0.38 × 10 11 m −1 K km s −1 pc 2 using the relationships from Solomon et al. (1992) . If corrected by m ∼ 12, this is the typical luminosity found for SMGs, e.g., Harris et al. (2010 ), Frayer et al. (2011 ), Ivison et al. (2011 . This implies an H 2 mass of 2.2 × 10 11 m −1 M ⊙ in assuming a CO(1-0) luminosity to H 2 mass conversion factor of α = 0.8 M ⊙ / K km s −1 pc 2 , suitable for starburst galaxies in the nearby Universe (Downes & Solomon 1998) and typically used for SMGs, e.g. Tacconi et al. (2008) . The gas-to-dynamical mass ratio exceeds unity for the dynamical mass (4.8 × 10 10 m −1 M ⊙ ) computed for an hypothetical edge-on disk by using the FWHM of the lines (∼ 200 km/s) as an indication of the rotation velocity. This exceedingly large ratio and the fact that a disk in MM18423+5938 is not expected to be supported by the radiation pressure of an AGN (Scoville et al. 1995) suggest that a disk would be inclined. Note that this ratio still exceeds unity if a merger model is used instead, the enclosed dynamical mass is approximately a factor of 2 larger in this case (Genzel et al. 2003) . In  Fig 1, the second component in the CO(1-0) and CO(2-1) lines detected at a low significance level is blueshifted by 200-300km s −1 . We have verified that this component is not visible in the averaged profile of the three high order (J=4,6,7) CO lines observed at the IRAM 30m (Lestrade et al. 2010) , which indicates there are distinct CO components that have low excitation only within MM18423+5938. Such a component would be indicative of either a more extended low order CO component of the rotating disk or possibly the second component of a merger.
The high order CO excitation ladder observed with EMIR/IRAM was fitted with a large velocity gradient (LVG radiative transfer model, T k = 45K, n(H 2 ) = 10 3 cm −3 , N CO /∆V = 3 × 10 18 cm −2 /(km s −1 )) in Lestrade et al. (2010) . The CO(1-0) peak flux density (2.1 ± 0.2 mJy) is consistent with this model, while the CO(2-1) measurement (10.8 ± 2.2 mJy) is marginally in excess by 54 ± 30% when the 20% calibration uncertainty at 47 GHz is included. Although this uncertainty is presently large, we note that the ratio of the flux densities CO(2-1)/CO(1-0) is difficult to explain even with differential lensing if the excitation is spatially variable in the galaxy, unless CO(1-0) is moderately optically thick, with rising optical depth toward CO(2-1). New EVLA observations are required to investigate this in more detail.
The peak rest-frame brightness temperature of the ring is 12 K (East clump in our map of Fig 1) . This is similar to what has been seen in other z ∼ 4 SMGs, such as GN20 (Carilli et al. 2010 ), although we cannot rule-out higher T B clumps that are not resolved by our present observations.
CONCLUSIONS
While there is a long history of CO observations from strongly lensed, high redshift galaxies (e.g. Alloin et al. 1997; Barvainis et al. 1994; Swinbank et al. 2010) , MM18423+5938 is only the second complete Einstein ring seen in CO emission, after the z=4.1 quasar host galaxy PSS J2322+1944 (Carilli et al. 2003) . We identified the lens and derived a magnification factor of ∼ 12 using a preliminary lensing model. We measured a luminosity L ′ CO(1−0) , and corresponding H 2 mass, for MM18423+5938 that, when corrected for magnification, are similar to the unlensed SMGs. However, the relatively large range for L F IR in our present analysis requires further observations to better sample the FIR SED in order to better constrain the implied star formation rate. As demonstrated by Riechers et al. (2008) for the molecular Einstein ring observed towards the QSO PSS J2322+1944, the brighter SMG MM18423+5938 provides a unique opportunity to study the gas dynamics on physical scale as small as ∼ 100 pc with further high sensitivity and high spatial resolution EVLA observations.
